Figure 1. Scheme for Therapeutic Cloning Combined with Gene and Cell Therapy
A piece of tail from a mouse homozygous for the recombination-activating gene 2 (Rag2) mutation was removed and cultured. After fibroblast-like cells grew out, they were used as donors for nuclear transfer by direct injection into enucleated MII oocytes using a Piezoelectric-driven micromanipulator. Embryonic stem (ES) cells isolated from the NT-derived blastocysts were genetically repaired by homologous recombination. After repair, the ntES cells were differentiated in vitro into embryoid bodies (EBs), infected with the HoxB4iGFP retrovirus, expanded, and injected into the tail vein of irradiated, Rag2-deficient mice. ). In the current study, we used an improved method for deriving normal hematopreviously showed that injection of wild-type F1 ES cells into tetraploid blastocysts resulted in viable mice from poietic progenitors by genetic modification of ES cells with the Homeobox gene HoxB4, which provides a 4%-10% of the manipulated embryos and that injection of ntES cells derived from F1 means for functional hematopoietic reconstitution of lethally irradiated mice (Kyba et al., 2002 [this issue of lymphocytes also gave rise to viable mice (Hochedlinger and Jaenisch, 2002). Similarly, the Rag2 Ϫ/Ϫ ntES line Cell]). Here we show that "repaired" ES cells derived from a Rag2-deficient mouse can be differentiated into generated four viable pups out of 14 reconstituted tetraploid blastocysts (28%), indicating that this line was functional hematopoietic stem cells that restore immune function when transplanted into adult Rag2 mutant mice. pluripotent and able to efficiently generate all somatic cell types (Table 1) .
Results

Repair of the Rag2 Mutation in the Rag2 Ϫ/Ϫ ntES Line NT and Pluripotent ntES Cell Derivation The immunodeficient mouse model for Rag2 deficiency
We restored Rag2 function in the Rag2 Ϫ/Ϫ ntES line by homologous recombination followed by cre recombihas previously been generated by deletion of part of the third coding exon and the insertion of a pMCneo nase-mediated removal of the loxP-flanked selectable marker (Hygtk) (Figure 2A ). Because the selectable cassette transcribed in the opposite orientation ( Figure  2A ; Shinkai et al., 1992 
